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VHUYLFHVDQGVXSSRUWIRUDPELHQWDVVLVWHGOLYLQJWKDWDUHIXOO\DQGLQYLVLEO\LQWHJUDWHGLQWRRXUGDLO\DFWLYLWLHVVHH
IRUH[DPSOH>@

$OUHDG\ WRGD\ WKH UHFUXLWPHQWRIQHZZRUNIRUFH IRU WKH ILHOGRI FDUHWDNLQJ LVGLIILFXOW LQKLJKO\ LQGXVWULDOL]HG
FRXQWULHVDQGWKHJDSEHWZHHQGHPDQGDQGDYDLODELOLW\RIFDUHWDNHUVZLOOIXUWKHULQFUHDVHZLWKWKHH[SHFWHGLQFUHDVH
LQ DJHG SRSXODWLRQV LQ WKH IXWXUH 7KLV LV WUXH IRU ERWK WKH ILHOG RI FDUHWDNLQJ LQ LQVWLWXWLRQV DV FDUH KRPHV DQG
VXSHUYLVHG DFFRPPRGDWLRQ DV ZHOO DV LQ WKH ILHOG RI KRPH FDUH 5HDVRQV IRU WKH RQJRLQJ LPDJH GDPDJH DQG
XQSRSXODULW\ RI WKH FDUHWDNLQJ SURIHVVLRQ DUH DPRQJVW RWKHUV ORZ VDODULHV WRXJKZRUN VFKHGXOHV KLJK SK\VLFDO
EXUGHQVWKHH[HFXWLRQRIK\JLHQHFULWLFDOWDVNVZDVKLQJDQGFOHDQLQJRIHOGHUO\HWFUHSHWLWLYHDQGPRQRWRQRXV
WDVNVDQGWKHLQFUHDVHRIGRFXPHQWDU\DGPLQLVWUDWLYHZRUN7KHRIWHQKRQRUHGSHUVRQDOFRQWDFWRIWKHFDUHWDNHUVWR
WKH FDUHJLYHUV ZKLFK LV RIWHQ XVHG DV DQ DUJXPHQW DJDLQVW WKH H[WHQVLYH XVH RI WHFKQRORJ\ LQ WKH FDUH ILHOG LQ
FXUUHQWFDUHWDNLQJUHDOLW\LVDOUHDG\PLVVHGRXWRQGXHWRWKHDIRUHPHQWLRQHGDVSHFWVDQGEXUGHQVRQWKHFDUHWDNHUV
7KHVLWXDWLRQFDQEHH[SHFWHGWREHFRPHPRUHVHYHUHZLWKWKHLQFUHDVHLQWKHJDSEHWZHHQGHPDQGDQGDYDLODELOLW\
RIFDUHWDNLQJZRUNIRUFH

:LWKRXUUHVHDUFKLQFRDGDSWDWLRQRIURERWV\VWHPVDQGLQKRXVHHQYLURQPHQWVIRUSURIHVVLRQDOFDUHDVVLVWDQFHLQ
DQ DJHLQJ VRFLHW\ SUHVHQWHG LQ WKLV SDSHU ZH DLP WR GUDPDWLFDOO\ FKDQJH WKH LPDJH DQG SHUIRUPDQFH RI WKH
SURIHVVLRQDO DQG QRQSURIHVVLRQDO FDUHWDNLQJ ILHOG DQG DW WKH VDPH WLPH LPSURYLQJ WKH OLIH VLWXDWLRQ RI WKH
FDUHWDNHUV LQFDUHKRPHVVXSHUYLVHGDFFRPPRGDWLRQDQGKRPHFDUH:HDUHQRWDLPLQJDW WKHVXEVWLWXWLRQRI WKH
FDUHWDNLQJZRUNIRUFH E\ FDSLWDO LQYHVWPHQW LQ WHFKQRORJ\ EXW DW WKH VXEVWLWXWLRQ DQG UHGLVWULEXWLRQ RI LQGLYLGXDO
WDVNV PDNLQJ FDUHWDNLQJ D FUHDWLYH WHFKQRORJ\RULHQWHG KLJKOHYHO SURIHVVLRQ WKDW LV DWWUDFWLYH IRU VNLOOHG DQG
PRWLYDWHG SHRSOH $VVLVWHG OLYLQJ HQYLURQPHQWV LQZKLFK DPXOWLWXGH RI DVVLVWLYH VXEV\VWHPV DQG VHUYLFH URERWV
RSHUDWH VHDPOHVVO\ DOORZ D FRPSOHWH UHGHVLJQ RI WKH SURFHVVHV DQG WDVN VWUXFWXUHV OHDGLQJ WR WKH IDFW WKDW WKH
FDUHWDNHUVEHFRPHPRUHVHOIGHSHQGHQWZKLFKHQKDQFHVOLIHTXDOLW\DQGGHFUHDVHVWKHEXUGHQRQFDUHWDNHUV2QWKH
RWKHUKDQGVXFKHQYLURQPHQWVDOORZWKDWWKHFDUHWDNHUVFDQEHUHOLHYHGWRDODUJHH[WHQWIURPWKHDIRUHPHQWLRQHG
FKDOOHQJLQJPHQWDODQGSK\VLFDOEXUGHQVDQGLQVWHDGFRQFHQWUDWHRQLQFUHDVLQJWKHTXDOLW\RIVHUYLFHSHUVRQDOFDUH
DQGPHQWDODQGSK\VLFDOWUHDWPHQWDQGWUDLQLQJRIWKHHOGHUO\ZKLFKGHILQLWHO\GHPDQGVLQWHQVLYHSHUVRQDOFRQWDFW

,QSDUWLFXODUVHUYLFHURERWV\VWHPVDUHDEOHWRHQKDQFHWKHFDSDELOLWLHVRIDVVLVWHGHQYLURQPHQWVVLJQLILFDQWO\DV
WKH\DGGFULWLFDOFDSDELOLWLHVDQGWKXVDOORZHQYLURQPHQWVWRDFWLYHO\VXSSRUWFDUHJLYHUVDQGFDUHWDNHUVZLWKWKHIXOO
EDQGZLGWKRIQHFHVVDU\SURFHVVHVWDVNVDQGVHUYLFHV6HUYLFHURERWV\VWHPVDGGWRDVVLVWHGHQYLURQPHQWVEHVLGHV
WKH DVSHFW RI KDUG SK\VLFDO DVVLVWDQFH FDSDELOLWLHV VXFK DV IOH[LELOLW\ LQFUHDVHG LQWHOOLJHQFH DQG VLWXDWLRQDO
DZDUHQHVVDQGSURYLGHQHZZD\VRI LQWXLWLYHPDQPDFKLQHLQWHUDFWLRQ+RZHYHU WKH LQWHJUDWLRQRI VHUYLFH URERW
V\VWHPV LQWR UHDO ZRUOG DVVLVWHG HQYLURQPHQWV KDV EHHQ GLIILFXOW GXH WR WKH XVXDOO\ VHSDUDWH GHYHORSPHQW RI
HQYLURQPHQW DQG VWDQGDORQH URERW V\VWHPV KLJK FRVW RI KLJKO\ GH[WHURXV VHUYLFH URERW V\VWHPV DQG ODFN RI
VHDPOHVVLQWHJUDWLRQDQGXVHUDFFHSWDQFH7KHUHIRUHZLWKRXUUHVHDUFKLQWKLVILHOGZHDLPDWFUHDWLQJWKHVFLHQWLILF
EDVLV IRU WKH LQWHJUDWLRQ RI VHUYLFH URERW V\VWHPV LQWR DVVLVWHG HQYLURQPHQWV FRQVLGHULQJ WKH XOWLPDWH JRDO RI
FUHDWLQJFDUHDQGKRPHFDUHHQYLURQPHQWVWKDWDOORZDUDGLFDOUHVWUXFWXULQJRISURFHVVHVDQGWDVNVIRUGUDPDWLFDOO\
FKDQJLQJWKHLPDJHDQGSHUIRUPDQFHRIIXWXUHWHFKQRORJ\RULHQWHGFDUHWDNLQJ
5HVHDUFKTXHVWLRQDQGUHVHDUFKPHWKRG
2XUUHVHDUFKIRFXVHVRQWKHUHGHVLJQDQGVWUXFWXULQJRIFDUHHQYLURQPHQWVDWKRPHDVZHOODVLQFDUHIDFLOLWLHV
DQG WKH SURFHVVHV WDNLQJ SODFHZLWKLQ WKHP IRU WKH FUHDWLRQ RIPRGXODU DQGPDVVFXVWRPL]DEOH URERWFRPSDWLEOH
DVVLVWHGOLYLQJDQGVHUYLFHHQYLURQPHQWVDVZHOODVWKHUHGHVLJQDQGDGDSWDWLRQRIH[LVWLQJVHUYLFHURERWV\VWHPV,Q
DQ LQWHUGLVFLSOLQDU\ DSSURDFK ZH ZLOO GHYHORS RSWLPL]HG FDUH HQYLURQPHQWV LQ ZKLFK VHUYLFH URERW V\VWHPV
VHDPOHVVO\ LQWHUDFW ZLWK WKH SK\VLFDO HQYLURQPHQW HPEHGGHG PHGLFDOV VHQVRUV DQG V\VWHPV YDULRXV VHWV RI
VWDQGDUGL]HG DQG QRQVWDQGDUGL]HG SURFHVVHV DQG KXPDQ EHLQJV FDUHWDNHUV DV ZHOO DV FDUHJLYHUV WR SURYLGH
PXOWLGLPHQVLRQDODVVLVWDQFHDQGDEURDGVHWRIPRGXODUDQGFXVWRPL]DEOHVHUYLFHV7KHEDVLFSUHPLVHFRQVLVWVRID
GLVWULEXWHG OD\HUHG DUFKLWHFWXUH HQDEOLQJ RPQLSUHVHQW FRPPXQLFDWLRQ DQG DQ DGYDQFHG KXPDQ±PDFKLQH
FRPPXQLFDWLRQSURWRFRO7KH$PELHQW ,QWHOOLJHQFH $P,SDUDGLJPVHWV WKHSULQFLSOHV WRGHVLJQ DSHUYDVLYH DQG
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WUDQVSDUHQWLQIUDVWUXFWXUHFDSDEOHRIREVHUYLQJSHRSOHZLWKRXWLQWHUIHULQJZLWKWKHLUOLYHVDGDSWLQJWRWKHQHHGVRI
WKH XVHU ,WPXVW EHQRWHG WKRXJK WKDW SRSXODWLQJ DKRPH HQYLURQPHQWZLWK URERWLF HOHPHQWVPXVW EH SHUIRUPHG
IROORZLQJDVSDFHHIILFLHQWXWLOL]DWLRQVFKHPH(OGHUO\SHRSOHDQGHVSHFLDOO\WKRVHXVLQJDVVLVWLYHGHYLFHVVXFKDV
ZKHHOFKDLUVDQGUROODWRUVUHTXLUHLQFUHDVHGEDUULHUIUHHVSDFHIRUPRELOLW\SXUSRVHV

$ SDUWLFXODU IRFXV LQ RXU UHVHDUFK LV WKH FRDGDSWDWLRQ DQG FUHDWLRQ RI FRPSDWLELOLW\ LQ D SK\VLFDO DQG
LQIRUPDWLRQDO VHQVH RI DVVLVWLYH HQYLURQPHQWV DQG VHUYLFH URERW V\VWHPV ,Q FRQWUDVW WR XVXDO VHUYLFH URERW
GHYHORSPHQW VHH IRU H[DPSOHCare-O-Bot >@, Patient Transfer Assist >@, RI-MAN >@ WKH FRPSOH[LW\ RI
IXQFWLRQV KDUGZDUH VRIWZDUH WDVNV HWF ZLOO QRW EH FRQFHQWUDWHG VROHO\ LQ WKH URERW V\VWHP EXW GLVWULEXWHG
VWUDWHJLFDOO\EHWZHHQWKHURERWV\VWHPDQGWKHHQYLURQPHQW3UHYLRXVUHVHDUFKE\WKHDXWKRUVVKRZHGWKDWVXFKDQ
DSSURDFKKDVWKHSRWHQWLDOIRUVLJQLILFDQWO\UHGXFLQJWKHFRPSOH[LW\DQGFRVWRIWKHVHUYLFHURERWV\VWHPHQKDQFLQJ
WKHLUUHOLDELOLW\UREXVWQHVVDQGDERYHDOOFUHDWLQJFRPSOHWHO\QHZVHUYLFHDQGDVVLVWDQFHFDSDELOLWLHV>@

,Q WKLVSDSHU WKHDXWKRUVSUHVHQWDFRQFHSWXDODSSURDFKIRUDURERWLFFDUHHQYLURQPHQW LQZKLFK IXUQLWXUHDQG
URERWV\VWHPVDUHIXOO\V\QFKURQL]HGDQGFRDGDSWHG7KHFRQFHSWXDODSSURDFKERUURZVIXUWKHULGHDVDQGPHWKRGV
GHYHORSHGLQDVHULHVRIODUJHUHVHDUFKSURMHFWVGEWOS >@, LISA >@, PASSAge >@, USA² >@, LISA-habitech 
>@LQWKHILHOGRI$PELHQW$VVLVWHG/LYLQJAAL >@E\WKHDXWKRUV)XUWKHUPRUHZLWKLQWKHVHUHVHDUFKSURMHFWV
WKHDXWKRUVZHUHDOUHDG\DEOHWRWHVWLQGLYLGXDOVXEV\VWHPVRIWKHQRZVXJJHVWHGPRUHFRPSUHKHQVLYHDSSURDFK
3ULPDULO\LQH[SHULPHQWDOXVHURULHQWHGDSSURDFKHVDQGLQWKHVHUHVHDUFKSURMHFWVVXEV\VWHPSURWRW\SHVRIURERW
FRPSDWLEOH LQWHULRUV DQG EXLOGLQJ ³LQILOO´ FRPSDWLEOH VHUYLFH URERWV ZHUH GHYHORSHG DQG WKHLU LQWHUDFWLRQ ZDV
GHPRQVWUDWHG HYDOXDWHG DQG GHYHORSHG IXUWKHU LQ VHYHUDO GHYHORSPHQW F\FOHV ZLWKLQ UHOHYDQW XVH FDVHV 7KH
XOWLPDWHJRDORI WKHDXWKRUV LV WR V\VWHPDWLFDOO\ LQYHVWLJDWH WKH WUDGHRIIV UHODWHG WR WKHGLVWULEXWLRQRI FRPSOH[LW\
EHWZHHQHQYLURQPHQWDQGVHUYLFHURERWV\VWHPDQGLGHQWLI\RSWLPL]HGHIIHFWLYHDQGFRVWHIILFLHQWVROXWLRQVWKDWZLOO
ERRVWLPSOHPHQWDWLRQDQGFRPPHUFLDOL]DWLRQRIVHUYLFHURERWV\VWHPV

7KHUHPDLQGHURIWKHSDSHULVVWUXFWXUHGDVIROORZV)LUVWWKHDXWKRUVRXWOLQHWKHEDFNJURXQGQHHGDQGJHQHUDO
GLUHFWLRQRIWKHUHVHDUFK)ROORZLQJWKLVWKHDXWKRUVGHILQHDQGRXWOLQHLQIOXHQFLQJIDFWRUVDQGEXLOGLQJEORFNVIRU
URERWDGDSWHGFDUHHQYLURQPHQWV7KLUGWKHDXWKRUVSUHVHQWDQDQDO\VLVRISURFHVVHVWDNLQJSODFHLQSURIHVVLRQDOFDU
HQYLURQPHQWVEXLOGSURFHVVFDWHJRULHVDQGUHODWHWKRVHWRWKHSRVVLEOHWDVNIRUURERWV\VWHPVWKDWFRXOGSRWHQWLDOO\
EHXVHGWRVXSSRUWRUFDUU\RXWWKRVHWDVNV)RXUWKWKHDXWKRUVSUHVHQWWKHLUFRPSUHKHQVLYHDSSURDFKIRUDURERWLF
FDUHHQYLURQPHQW LQZKLFKDYDULHW\RIFRDGDSWHGURERWV\VWHPVPRELOH URERWVPDQLSXODWRUVHWF LQWHUDFWZLWK
KXPDQ EHLQJV DQG WKH FRDGDSWHG WKH SK\VLFDO HQYLURQPHQW 7KH DXWKRUV WKHQ SUHVHQW ± DV D SURRI RI FRQFHSW ±
H[HPSODULO\ WZR LQGLYLGXDO VXEV\VWHPV ZKLFK WKH\ FRXOG GHYHORS WHVW DQG RSWLPL]H ZLWKLQ RQJRLQJ UHVHDUFK
SURMHFWV )LQDOO\ WKH DXWKRUV VKRZ WKH LPSDFW WKHLU UHVHDUFK FDQ KDYH RQ VWUDWHJLHV DQG EXVLQHVVPRGHOV LQ WKH
FDUHWDNLQJILHOG
5RERW2ULHQWHG'HVLJQIRUFDUHHQYLURQPHQWVGHILQLWLRQRILQIOXHQFLQJIDFWRUVDQGEXLOGLQJEORFNVIRUFR
DGDSWDWLRQRIVHUYLFHURERWVSURFHVVHVDQGHQYLURQPHQWV
)ROORZLQJWKHPHWKRGRORJ\GHYHORSHGE\WKHDXWKRUVLQ5RERW2ULHQWHG'HVLJQ>@ DQG5RERWLF0LFUR5RRPV
>@IXQFWLRQVFDQEHDUUDQJHGLQDWKUHHGLPHQVLRQDODUFKLWHFWXUDOVSDFHVRWKDWDVPRRWKDQGRSWLPXPRSHUDWLRQRI
SURFHVVHVDQGDFWLYLWLHVLVSRVVLEOHDKLJKO\VWUXFWXUHGFDUHHQYLURQPHQWFDQEHUHDOL]HGWKDWHQDEOHVWKHDXWRPDWLRQ
RIDVVLVWLYHIXQFWLRQVDQGWKHHIILFLHQWLQWHJUDWLRQRIURERWLFVXEV\VWHPV,QWKLVVSDFH

 3URFHVVHVDQGDFWLYLWLHVZLGHO\NQRZQDQGSDUWLDOO\VWDQGDUGL]HGDUHSRVVLEOH
7KHJHRPHWULFDQGIXQFWLRQDOFRQILJXUDWLRQRIWKHHQYLURQPHQWLVNQRZQ
'LVWULEXWHGVHQVRUV\VWHPVDUHDEOHWRUHFRJQL]HDQGORFDWHURERWVREMHFWVSHUVRQVYLWDOVLJQVHWFLQDUREXVW
ZD\

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7KLV FUHDWHV VLPLODU WR D IDFWRU\ HQYLURQPHQW IRU LQGXVWULDO URERWV D FRPSDUDWLYHO\ VWUXFWXUHG VSDFH IRU FDUH
HQYLURQPHQWV,QWKLVVHQVHIDFWRUVWKDWLQIOXHQFHWKHFRDGDSWDWLRQRIURERWVDQGHQYLURQPHQWVDUHWKHHQYLURQPHQW
FDWHJRU\WKHW\SHRIVHUYLFHURERWWKHW\SHDQGDPRXQWRIWKHHPEHGGHGV\VWHPGLVWULEXWHGLQWKHHQYLURQPHQWWKH
VHUYLFHURERWFRPSOH[LW\UHGXFWLRQIXQFWLRQDQGODVWEXWQRWOHDVWWKHW\SHDQGFRPSRVLWLRQRIWKHSURFHVVLQZKLFK
WKHVHUYLFHURERWLVHPEHGGHG

)LJ,PSOHPHQWDWLRQDQGRSWLPL]DWLRQRIURERWFRPSDWLEOHHQYLURQPHQWDQGFRDGDSWHGVHUYLFHURERWV
3.1. Categories of environments:  
'LIIHUHQW W\SHV RI HQYLURQPHQWVZLWK GLIIHUHQW OHYHOV RI VXLWDELOLW\ RUGLIILFXOW\ IRU WKH LQWURGXFWLRQRI VHUYLFH
URERW V\VWHPVFDQEH LGHQWLILHG6LPLODU WR WKHH[DPSOH LQPDQXIDFWXULQJ LQGXVWU\DQG LQ IDFWRULHV WKHGHJUHHRI
SURFHVV VWDQGDUGL]DWLRQ FDQ YDU\ LQ FDUH HQYLURQPHQWV $ ORZ GHJUHH RI SURFHVV VWDQGDUGL]DWLRQ UHVXOWV LQ DQ
XQVWUXFWXUHGHQYLURQPHQWZKLFKRIWHQPDNHVLWPRUHGLIILFXOWIRUWKHURERWWRQDYLJDWHDQGRUWRSHUIRUPWDVNV$
ORZGHJUHHRISURFHVVVWDQGDUGL]DWLRQUHVXOWVLQDVWUXFWXUHGHQYLURQPHQWZKLFKRIWHQPDNHVLWHDVLHUIRUWKHURERW
WRQDYLJDWHDQGRUWRSHUIRUPWDVNV,QVWUXFWXUHGHQYLURQPHQWVWKHFRPSOH[LW\DQGFRVWRIWKHURERWV\VWHPFDQEH
UHGXFHG

• /RZSURFHVVFRPSOH[LW\ KLJKGHJUHHRISURFHVVVWDQGDUGL]DWLRQFDUHKRPHV
• 0HGLXPSURFHVVFRPSOH[LW\ KLJKGHJUHHRISURFHVVVWDQGDUGL]DWLRQVXSHUYLVHGDFFRPPRGDWLRQ
• +LJKSURFHVVFRPSOH[LW\ ORZGHJUHHRISURFHVVVWDQGDUGL]DWLRQKRPHFDUH
3.2. Categories of service robots suitable for care 
7KH FRPPHUFLDOL]DWLRQ DFWLYLW\ LQ WKH ILHOG RI VHUYLFH URERWLF LV FRQWLQXRXVO\ LQFUHDVLQJ 6HUYLFH URERWV ZLWK
TXDOLWLHVWKDWFDQEHXWLOL]HGLQWKHSURIHVVLRQDOFDUHWDNLQJFDQEHFDWHJRULHVDVIROORZV

• &DWHJRU\YDULRXVPRELOHSODWIRUPVZLWKVSHFLILFSD\ORDGV
• &DWHJRU\WHOHSUHVHQFHHGXWDLQPHQWURERWV
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• &DWHJRU\VLPSOHKXPDQRLGURERWIRUH[DPSOH%D[WHURU8%5
• &DWHJRU\YDULRXVOLJKWZHLJKWURERWDUPVIRUH[DPSOH.LQRYD(UJRVXUJ-$&2
• &DWHJRU\DHULDOV\VWHPV±IRUH[DPSOHTXDGURFRSWHUV
• &DWHJRU\URERWPRYLQJRQZDOOFHLOLQJ
3.3. Categories of embedded Systems (Sensors, Interfaces, assistive devices, medical devices, etc.): 
,QRUGHUWRDOORZFRDGDSWDWLRQDQGDQLQWHOOLJHQWVWUXFWXULQJRIWKHFDUHHQYLURQPHQWLQZKLFKWKHURERWRSHUDWHV
HPEHGGHG V\VWHPV VHQVRUV LQWHUIDFHV DVVLVWLYH GHYLFHVPHGLFDO GHYLFHV HWF FDQ EH KHDYLO\ GLVWULEXWHG LQ WKH
HQYLURQPHQW

• PHGLFDOGHYLFHVLQFRQVSLFXRXVO\LQWHJUDWHGLQWKHKRPHHQYLURQPHQWIRUH[DPSOH(&*
• QRQPHGLFDOGHYLFHVWRYDOLGDWHKHDOWKDQGGLVHDVHSURJUHVVIRUH[DPSOH.LQHFWVHQVRUIRUJDLWIDWLJXH
PHDVXUHPHQWVDQGDQDO\VLV
• /LJKWZHLJKWURERWLFPDQLSXODWRUV
• /LJKWZHLJKWOLQHDUDQJXODUDFWXDWRUVPDQLSXODWRUV
• *HVWXUHGULYHQ'VFDQQLQJGHYLFHVIRULQWXLWLYHURERWLFDFWXDWRUPDQLSXODWLRQ
• 5),'VFDQQHUVWDJVIRUVHQVLQJDQGPRQLWRULQJSHRSOHDQGLWHPV
• 3URMHFWRUVPRQLWRUVWRIDFLOLWDWHDOO*UDSKLFDO8VHU,QWHUIDFHV*8,V
3.4. Service-robot complexity reduction functions  
7KURXJK WKH FRDGDSWDWLRQ RI WKH HQYLURQPHQW LQ UHODWLRQ WR WKH URERW V\VWHP IROORZLQJ SRVVLELOLWLHV IRU
FRPSOH[LW\DQGFRVWUHGXFWLRQFDQEHLGHQWLILHG

• 5HGXFWLRQRIQDYLJDWLRQFRPSOH[LW\
• 5HGXFWLRQRINLQHPDWLFFRPSOH[LW\
• 5HGXFWLRQRIFRPSOH[LW\FDXVHGE\QHFHVVLWDWHGGH[WHULW\
• 5HGXFWLRQRIHQGHIIHFWRUFRPSOH[LW\
• 5HGXFWLRQRILQIRUPDWLRQDOFRPSOH[LW\
• 5HGXFWLRQRIKXPDQPDFKLQHFRPPXQLFDWLRQDQGPDQLSXODWLRQFRPSOH[LW\E\SURSRVLQJDQGGHYHORSLQJPRUH
LQWXLWLYHDQGOHVVFRPSOH[KXPDQPDFKLQHLQWHUIDFHV
3URFHVVHVWDVNVDQGURERWV
,Q SUHYLRXV UHVHDUFK WKH DXWKRUV KDYH GHYHORSHG PHWKRGV IRU WKH V\VWHPLF GHYHORSPHQW RI DVVLVWLYH KRPH
HQYLURQPHQWV WKDW VXSSRUW HOGHUO\ SHRSOH WR OLYH LQGHSHQGHQW EDVHG RQ DQ DQDO\VLV RI SURFHVVHV WKDW UHVXOW IURP
DFWLYLWLHVRIGDLO\OLYLQJVHHIRUH[DPSOH>@DQG>@&DUHSURFHVVHVERWKLQDPEXODQWDQGVWDWLRQDU\VHWWLQJV
DUHGLIIHUHQWDVWKHIRFXVRQRQHKDQGLVRQSHRSOHWKDWGHPDQGDKLJKHUOHYHORIFDUHEXWRQWKHRWKHUKDQGLQFOXGH
LQ VRPH ZD\ SURIHVVLRQDO DQG QRQSURIHVVLRQDO FDUH SHUVRQQHO ,Q SDUWLFXODU LQ VWDWLRQDU\ FDUH SURFHVVHV URRP
OD\RXWVDQGIXUQLWXUHDUHKLJKO\VWDQGDUGL]HGDQGWKXVSUHVHQWDVROLGRSSRUWXQLW\IRUDXWRPDWLRQDQGURERWLVDWLRQ
%DVHGRQDQDO\VLVRIFDUHSURFHVVHVDQGGLVFXVVLRQVZLWKSURIHVVLRQDOFDUHWDNHUVDQGFDUHPDQDJHUVWKHDXWKRUVRI
WKLV SDSHU KDYH LGHQWLILHG WKH PDMRU SURFHVV FDWHJRULHV UHODWHG WDVNV ZLWK D KLJK SRWHQWLDO IRU DXWRPDWLRQ DQG
URERWLVDWLRQDQGURERWV\VWHPVXLWDEOHIRUWKRVHWDVNV






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7DEOH,GHQWLILFDWLRQRIPDMRUSURFHVVFDWHJRULHVUHODWHGWDVNVZLWKKLJKSRWHQWLDOIRUDXWRPDWLRQDQGURERWLVDWLRQDQGUHODWHGURERWV\VWHPV
VXLWDEOHDVVLVWLQJZLWKLQWKRVHWDVNV
3URFHVV&DWHJRU\ 6FHQDULR7DVNV 6XLWDEOHURERWV\VWHPFDWHJRULHV
6XSSO\HVSHFLDOO\
IRRGORJLVWLFVDQG
PHDOVXSSO\
6XSSO\RIPHDOVDQGGULQNVIURPNLWFKHQVXSSO\DUHDLQJURXQG
IORRURUEDVHPHQWWRGLQLQJURRPVRULQGLYLGXDOURRPV
PRELOHSODWIRUPV
)HHGLQJ OLJKWZHLJKWURERWDUPVURERWPRYLQJRQ
ZDOOFHLOLQJ
)XQFWLRQDOWUDQVIHUV
EHGWRZKHHOFKDLU
ZKHHOFKDLUWR
EDWKURRPHWF,Q
KRXVHPRELOLW\
$FWLYDWLRQJHWWLQJXSIURPEHGEHGWRZKHHOFKDLU
ZKHHOFKDLUWREDWKURRPWRLOHW
VLPSOHKXPDQRLGURERWURERWPRYLQJRQ
ZDOOFHLOLQJ
0RELOLW\PRYHIURP$WR%±DVVLVWHGE\FDUHWDNHU PRELOHSODWIRUPVVLPSOHKXPDQRLGURERW
0RELOLW\PRYHIURP$WR%±QRWDVVLVWHGE\FDUHWDNHU PRELOHSODWIRUPV
+\JLHQHDQGPHGLFDO
WUHDWPHQW
0HGLFDOVFDQQLQJRIWKHERG\ WHOHSUHVHQFHHGXWDLQPHQWURERWV
$VVLVWDQFHZLWK:DVKLQJRI%RG\ VLPSOHKXPDQRLGURERWOLJKWZHLJKWURERWDUPV
URERWPRYLQJRQZDOOFHLOLQJ
$VVLVWDQFHZLWKWRRWKEUXVKLQJHWF WHOHSUHVHQFHHGXWDLQPHQWURERWVOLJKWZHLJKWURERW
DUPV
&RPPXQLFDWLRQ
UHPLQGLQJHWF
*LYLQJWLPHO\IUDPHZRUNIRU$'/VHJWKURXJKUHPLQGHUVIRU
ZDNLQJXSZDWFKLQJ79HWFWRHOGHUO\IRUH[DPSOHZLWK
GHPHQWLD
WHOHSUHVHQFHHGXWDLQPHQWURERWVKRPHDXWRPDWLRQ
V\VWHP
$YRLGLQJGHK\GUDWLRQ3URYLVLRQRIZDWHUDQGGULQNVDQG
FRQWURODVZHOO
VLPSOHKXPDQRLGURERWWHOHSUHVHQFHHGXWDLQPHQW
URERWV
(PHUJHQF\
GHWHFWLRQIDOVHFDOO
UHFRJQLWLRQ
'HWHFWLRQRIFULWLFDOVLWXDWLRQV DHULDOV\VWHPVWHOHSUHVHQFHHGXWDLQPHQWURERWV
9HULILFDWLRQRIDODUPV DHULDOV\VWHPVURERWPRYLQJRQZDOOFHLOLQJ
$XWRPDWHGDGMXVWPHQWRISDUDPHWHUVUHOHYDQWIRUZHOOEHLQJ
&2OLJKWWHPSHUDWXUHKXPLGLW\
+RPHDXWRPDWLRQV\VWHP
'HWHFWLRQRI)DOOV DHULDOV\VWHPVWHOHSUHVHQFHHGXWDLQPHQWURERWV
$XWRPDWHG
GRFXPHQWDWLRQ
$XWRPDWHGGRFXPHQWDWLRQRIGHWDLOHGFDUHDFWLYLWLHVFRQGXFWHG
E\FDUHSHUVRQQHO
WHOHSUHVHQFHHGXWDLQPHQWURERWV
$VVLVWDQFHLQGHWHFWLRQDQGGRFXPHQWDWLRQRIPHGLFDOLVVXHV
DQGSDWLHQW¶VKHDOWK
VLPSOHKXPDQRLGURERW
+RXVHHFRQRPLFDO
DFWLYLWLHVKRXVH
URRPNHHSLQJ
/RJLVWLFVRIGHYLFHVZDVWHHWF PRELOHSODWIRUPV
/RJLVWLFVRIODXQGU\FOHDQLQJ PRELOHSODWIRUPV
/RJLVWLFVRIPHGLFDWLRQ PRELOHSODWIRUPV
3ODFLQJRIODXQGU\DQGFORWKHVLQVKHOYHVHWF VLPSOHKXPDQRLGURERW
&OHDQLQJRIURRPVIXUQLWXUHZLQGRZVHWF
 
VLPSOHKXPDQRLGURERWURERWPRYLQJRQ
ZDOOFHLOLQJ
&RQFHSWXDODSSURDFK
2XU FRQFHSW DLPV DW WKH FRDGDSWDWLRQ RI VHUYLFH URERWV HQYLURQPHQW LQFOXGLQJ IORRU OD\RXWV IXUQLWXUH DQG
GLVWULEXWHGVHQVRUVDQGSURFHVVHV WRD WRWDO V\VWHPIRUSURIHVVLRQDO VWDWLRQDU\DQGDPEXODQWFDUHHQYLURQPHQWV
2XU FRQFHSW FRQVLGHUV LQSDUWLFXODU D VHDPOHVV UHODWLRQVKLS DQGXELTXLWRXV LQWHUDFWLRQEHWZHHQ WKH XVHU URERWLF
V\VWHPV DQG VPDUW IXUQLWXUH (YHU\ DVSHFW RI WKH FDUHJLYHUV¶ DQG FDUHWDNHUV¶ DFWLYLWLHV FDQ EH LQIOXHQFHG DQG
HQKDQFHGE\LPSOHPHQWDWLRQRIWKHURERWLFFDUHHQYLURQPHQW(DFKURERWLFV\VWHPZLOOZRUNHLWKHULQGLYLGXDOO\RU
DV D JURXS LQ RUGHU WR SURYLGH QHFHVVDU\ DVVLVWDQFH IRU WKH XVHU 7KH VPDUW IXUQLWXUH LV HTXLSSHG ZLWK YDULRXV
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VHQVRUVZKLFK FDQ FRPPXQLFDWHZLWK WKH VXUURXQGLQJHQYLURQPHQW)RU LQVWDQFH WKHPRELOH URERWSODWIRUPZLOO
SURYLGHHIILFLHQWORJLVWLFVHUYLFHZLWKLQWKHOLYLQJHQYLURQPHQWVXFKDVGHOLYHULQJVKRSSLQJIURPWKHGRRUZD\WRWKH
NLWFKHQRUGHOLYHULQJIRRGIURPWKHNLWFKHQ WR WKHEHGVLGH WDEOH7KH WHOHSUHVHQFHURERWFRXOGSURYLGHDQHWZRUN
LQWHUIDFHEHWZHHQ WKHKHDOWKFDUHSURYLGHUDQG WKHXVHU ,W FDQDOVREHXWLOL]HGDVSULPDU\PRELOHFRPPXQLFDWLRQ
SODWIRUPRUVRFLDOQHWZRUNPHGLD7KHIORRUDQGZLQGRZFOHDQLQJURERWZLOORSHUDWHLQDQDXWRQRPRXVPDQQHUWR
FDUU\RXWFOHDQLQJGXW\RQO\ZKHQ LW LVQHFHVVDU\7KH OLJKWZHLJKWURERWDUPZLOODVVLVWFDUHJLYHUVDQGFDUHWDNHUV
ZLWK HVVHQWLDO WDVNV VXFK DV SUHSDUDWLRQ RI IRRG IHHGLQJ DQG SHUVRQDO K\JLHQH RSHUDWLRQV 7KH DERYH VFHQDULRV
SURYLGH DQ H[FHOOHQW RSSRUWXQLW\ WR HYDOXDWH DQG YDOLGDWH WKH RYHUDOO FRQFHSW RI DQ HPEHGGHG URERWLF FDUH
HQYLURQPHQWFigure 2JLYHVDQRYHUYLHZRYHUDIXOO\URERWDVVLVWHGFDUHHQYLURQPHQWWKDWPLJKWEHGHSOR\HGHLWKHU
LQDFDUHKRPHVWDWLRQDU\FDUHLQDKRPHWRDVVLVWDPEXODQWFDUHWDNLQJDPEXODQWFDUHFigure 3H[SODLQVWKHFR
DGDSWDWLRQRIURERWVV\VWHPVHQYLURQPHQWDQGSURFHVVHVIRUHDFKVXEV\VWHPLQGHWDLO

)LJ2YHUYLHZRYHUDIXOO\URERWDVVLVWHGFDUHHQYLURQPHQWWKDWPLJKWEHGHSOR\HGHLWKHULQDFDUHKRPHVWDWLRQDU\FDUHLQDKRPHWRDVVLVW
DPEXODQWFDUHWDNLQJDPEXODQWFDUH
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  
6XEV\VWHP7HOHSUHVHQFH5RERWZLOO
RSHUDWHLQWKHIODWDQGRIIHUDPRELOH
LQWHUDFWLYHLQWHUIDFHE\XVLQJD*UDSKLFDO8VHU
,QWHUIDFHEHWZHHQWKHKHDOWKFDUHSURYLGHUDQG
WKHXVHU7KHURERWZLOODOVRDVVLVWWKHXVHU
ZLWKGDLO\DGPLQLVWUDWLRQWDVNV)XUWKHULWZLOO
PRQLWRUWKHXVHU¶VPRYHPHQWZLWKWKHOLYLQJ
HQYLURQPHQWDQGGHWHFWLQJDQ\KD]DUGVDV
ZHOODVVLJQDOOLQJIRUILUVWDLG
6XEV\VWHP+XPDQRLG5RERWRIIHUV
DVVLVWDQFHZKHQFDUU\RXWOLIWLQJWDVNVDQGDOVR
VXSSRUWLQKRXVHPRELOLW\RIWKHXVHU,WDOVR
HTXLSSHGZLWKQXPHURXVVHQVRUVDQG
VLPXOWDQHRXVORFDOL]DWLRQDQGPDSSLQJGHYLFHV
WRJXLGHWKHURERWVPDQRHXYUHZLWKLQWKH
OLYLQJHQYLURQPHQW:KHQLWLVQRWLQ
RSHUDWLRQWKHURERWZLOODXWRPDWLFDOO\WUDYHO
EDFNWRLWVFKDUJLQJVWDWLRQ
6XEV\VWHP0RELOH5RERW3ODWIRUPZLOO
FDUU\RXWYDULRXVORJLVWLFWUDQVSRUWDWLRQMREV
ZKLFKGHSHQGLQJRQWKHV\VWHPSD\ORDGV)RU
WKLVPRGXOHLWZLOORIIHUVHUYLFHVOLNH
GHOLYHULQJODXQGU\SODFLQJVKHOYHVHWF,WLV
HTXLSSHGZLWK5),'VFDQQHUVREVWDFOH
DYRLGDQFHVHQVRUVDQGFDQEHRSHUDWHGIXOO\
DXWRPDWLFDOO\:KHQLWLVQRWLQRSHUDWLRQWKH
URERWZLOODXWRPDWLFDOO\WUDYHOEDFNWRLWV
FKDUJLQJVWDWLRQ
  
6XEV\VWHP7KLV0RELOH5RERW3ODWIRUP
ZLOODFWDVDKHDY\GXW\ORJLVWLFSODWIRUP
7KDQNVWRLWVJUHDWHUSD\ORDGVLWLVFDSDEOHRI
PRYLQJKHDYLHUORDGVIRUH[DPSOHPRYLQJ
WKHXVHUDORQJZLWKWKHEHGIURPWKHRQH
ORFDWLRQWRDQRWKHU7KHHQGHIIHFWRURIWKH
URERWV\VWHPLVGHVLJQHGWREHFRPSDWLEOH
ZLWKWKHVPDUWIXUQLWXUHDQGHQKDQFHLQKRXVH
PRELOLW\RIWKHXVHU
6XEV\VWHP:LQGRZ&OHDQLQJ5RERWLVXVHG
IRUFOHDQLQJLQVSHFWLRQDQGPDLQWHQDQFHRI
WKHJOD]HGZLQGRZ7KHRQERDUGVHQVRUVZLOO
DOORZWKHURERWWRGHWHFWDQGDQDO\VLVWKH
FRQGLWLRQRIWKHZLQGRZ7KHURERWZLOOEH
GLVSDWFKHGZKHQUHTXLUHG:KHQLWLVQRWLQ
RSHUDWLRQWKHURERWZLOODXWRPDWLFDOO\WUDYHO
EDFNWRLWVFKDUJLQJVWDWLRQZKLFKLVORFDWHG
QHDUWKHZLQGRZVLOO
6XEV\VWHP)ORRU&OHDQLQJ5RERWLVXVHG
RIFOHDQLQJRIIORRUDXWRPDWLFDOO\,WKDV
VLPLODUIHDWXUHVDVWKH:LQGRZ&OHDQLQJ
5RERWGHVFULEHGDERYH,WZLOOQDYLJDWHLWV
ZD\DURXQGDURRPDQGFDUU\RXWQHFHVVDU\
FOHDQLQJGXW\






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
 
6XEV\VWHP/LJKWZHLJKW5RERW$UPLV
PRGXODUFRPSDFWDQGHIILFLHQW,WFDQEH
XVHGIRUPD\DSSOLFDWLRQIRUDVVLVWLYHXVHU
ZLWKWKHLUGDLO\DFWLYDWHVVXFKDVFRRNLQJ
ZDVKLQJDGPLQLVWUDWLRQDQGSHUVRQDO
K\JLHQH
6XEV\VWHP7KLVOLJKWZHLJKW0RELOH5RERW
3ODWIRUPZLOOWUDQVSRUWVPDOOHUREMHFWVIURPD
GRFNLQJVWDWLRQWRWKHUROODWRURURWKHUORFDWLRQ
ZLWKRXWWKHXVHU¶VLQWHUYHQWLRQ,WLVDOVR
HTXLSSHGZLWK5),'VFDQQHUVREVWDFOH
DYRLGDQFHVHQVRUVDQGFDQEHRSHUDWHGIXOO\
DXWRPDWLFDOO\
6XEV\VWHP$HULDO5RERWLVXVHGWRDVVLVW
WKHXVHUDQGRSHUDWLQJDVDVXUYHLOODQFHGURQH
LQWKHIODW,WLVHTXLSSHGZLWKPRWLRQVHQVRU
ZKLFKFDQGHWHFWDQGUHOHDVHDODUPLQFDVHRI
HPHUJHQFH7KHURERWFDQLQWHUDFWDQG
H[FKDQJHLQIRUPDWLRQZLWKWKHXVHUDQGRWKHU
V\VWHPZKHQUHTXLUHG
)LJ'HWDLOHGH[SODQDWLRQRIFRDGDSWDWLRQRIURERWVV\VWHPVHQYLURQPHQWDQGSURFHVVHVIRUHDFKVXEV\VWHP
3URRIRIFRQFHSWE\LPSOHPHQWDWLRQDQGH[SHULPHQWDWLRQ
7KHSRVVLELOLW\RIFRDGDSWDWLRQWKHGLPHQVLRQDOVSDFHOD\RXWDQGIXUQLWXUHV\VWHPVZDVWHVWHGDQGYDOLGDWHGE\
WKH DXWKRUV LQ GLIIHUHQW XVH FDVHV DQG E\ XVLQJ YDULHW\ RI URERW V\VWHPV LQ WKH $$/ SURMHFWV *(:26 /,6$
3$66$JH86$ðDQG/,6$KDELWHFK$OORIWKHVHSURMHFWVZHUHLQLWLDOL]HGDQGFRQGXFWHGLQWKHODERUDWRU\UXQE\
WKH DXWKRUV DQG LQYROYHG ERWK FRPPHUFLDO DQG LQGXVWULDO SDUWQHUV 7KH IROORZLQJ WZR H[DPSOHV GHPRQVWUDWH
H[HPSODULO\KRZWKHDXWKRUVWDFNOHGWKHFRDGDSWDWLRQSURFHVV

7KH UHVHDUFK SURMHFW /,6$ LQYHVWLJDWHG WKH SRVVLELOLWLHV WR HPEHG DVVLVWLYH IXQFWLRQV DQG VHUYLFHV LQWR ZDOO
³WHUPLQDO´FRPSRQHQWVDQGWKHUHIRUHWRHQDEOHDQDXWRQRPRXVDQGLQGHSHQGHQWOLYLQJXSRQSHUIRUPLQJDFWLYLWLHV
RI GDLO\ OLYLQJ E\ SDUWLDOO\ VWUXFWXUHG HQYLURQPHQWV URERWLF PLFURURRPV 5P5V 7KH WHUPLQDO JHQHUDWHG D
JHRPHWULFDONQRZQDQGVWUXFWXUHGHQYLURQPHQW IRU WKH LQWHJUDWHG URERW V\VWHPV .LQRYD¶VJACO URERW DUP >@
TurtleBot >@DQGSURYLGHGWKHPZLWKDGGLWLRQDOLQIRUPDWLRQIRUH[DPSOHH[DPSOHDERXWORFDWLRQRIREMHFWVWREH
JUDVSHG WKURXJK WKH HPEHGGHG V\VWHPV IRU H[DPSOH 5),' UHDGHUV 'HWDLOV RQ WKH /,6$ SURMHFW WKH
GHYHORSPHQWVH[SHULPHQWVDQGXVHUWHVWFRQGXFWHGZLWKLQWKLVSURMHFWDUHSUHVHQWHGLQ>@DQG>@

,QWKHSURMHFW86$ðDVVLVWHGZRUNVSDFHVIRUGHFHQWUDOL]HGKLJKWHFKKRPHSURGXFWLRQRIFXVWRPL]HGJRRGVZHUH
GHYHORSHG 7KH ZRUNVSDFHV GHYHORSHG DUH HPEHGGHG LQ ODUJHU &ORXG 0DQXIDFWXULQJ V\VWHPV DQG ZLOO DOORZ
FRPSDQLHV WR XWLOL]H D KLJKO\ VNLOOHG ZRUNIRUFH LQFOXGLQJ KLJKO\ H[SHULHQFHG HOGHUO\ ZRUOGZLGH :LWKLQ WKH
SURMHFW WKH ZRUNVSDFH LWV IXQFWLRQV DQG GHVLJQ WKH HPEHGGHG VHQVRUV GLVWULEXWHG LQ WKH HQYLURQPHQWV QRYHO
LQWHUIDFHVIRUH[DPSOHOHDSPRWLRQVHQVRUVIRUIXUWKHUGHWDLOVVHHDOVR>@DQGWKHUHODWHGZRUNSURFHVVHGZHUH
IXOO\ FRDGDSWHG'HWDLOVRQ WKHUSA² SURMHFW WKHGHYHORSPHQWV H[SHULPHQWV DQGXVHU WHVW FRQGXFWHGZLWKLQ WKLV
SURMHFWDUHSUHVHQWHGLQ>@

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 
)LJ'HYHORSPHQWDQGWHVWLQJRIURERWHQYLURQPHQWSURFHVVFRDGDSWDWLRQVWUDWHJLHVZLWKLQRQJRLQJUHVHDUFKSURMHFWV/,6$DDQG86$ðE
%RWK LQ /,6$ DQG 86$ð WKH 7XUWOH%RW PRELOH URYHU SODWIRUP ZDV XVHG WR DFW DV WKH KXPDQPDFKLQH
FRPPXQLFDWLRQ LQWHUIDFH)XUWKHUPRUH7XUWOH%RWZDVXVHG WRDFTXLUHDGGLWLRQDOYLVXDO LQIRUPDWLRQ IRUH[DPSOH
H[DPSOHUHFRJQL]LQJG\QDPLFREVWDFOHVDVKXPDQEHLQJVXVLQJWKH0LFURVRIW.LQHFW6HQVRU>@7KHGHSWKVHQVRU
FRQVLVWV RI DQ LQIUDUHG ODVHU SURMHFWRU FRPELQHG ZLWK D &026 VHQVRU ZKLFK FDSWXUHV ' UHDOWLPH GDWD 7KH
VHQVLQJ UDQJH RI WKH GHSWK VHQVRU LV DGMXVWDEOH DQG WKH .LQHFW HPEHGGHG VRIWZDUH LV FDSDEOH RI DXWRPDWLFDOO\
FDOLEUDWLQJ WKH VHQVRUEDVHGRQ WKHXVHU¶VSK\VLFDO HQYLURQPHQW DUUDQJHPHQW DFFRPPRGDWLQJ IRU WKHSUHVHQFHRI
IXUQLWXUHRURWKHUREVWDFOHV'XHWRWKHIDFWWKDWWKH.LQHFWVHQVRUXVHVDQLQIUDUHGVHQVRULWFDQDOVRSURYLGHQLJKW
YLVLRQ DELOLWLHV 7KXV LQ WKH SURSRVHG DUFKLWHFWXUH HOGHUO\ SHRSOH FDQ EH DVVLVWHG E\ 7XUWOH%RW LQ ORZ OLJKWLQJ
FRQGLWLRQVDQGHYHQLI OLJKWVDUHVZLWFKHGRII LHGXULQJWKHQLJKW7KH7XUWOH%RWWHOHRSHUDWLRQLVEDVHGRQ526
RSHQVRXUFHVRIWZDUH >@

'SRLQWFORXGJHQHUDWHGE\7XUWOH%RW 7XUWOH%RW0RELOH3ODWIRUP /\Q[$GHSWKDVDSD\ORDGRINJ
)LJ([SHULPHQWDWLRQUHODWHGWRWKHFRDGDSWDWLRQRIPRELOHSODWIRUPVHQYLURQPHQWDQGSURFHVVHV
7KHH[SHULPHQWVZLWK7XUWOH%RW LQ/,6$DQG86$ðVKRZHG WKDW WKHFRDGDSWDWLRQRIHQYLURQPHQWDQGPRELOH
SODWIRUP DOORZV IRU DPXOWLWXGH RI DVVLVWLYH IXQFWLRQV IRU H[DPSOH LQWXLWLYH XVHU LQWHUIDFH WUDQVSRUWV RI JRRGV
GHWHFWLRQRIHPHUJHQFLHVHWF7KHFDSDELOLWLHVDQGWHFKQLFDOGHWDLOVRI7XUWOH%RWDFWLQJLQDFRDGDSWHGVWUXFWXUHG
HQYLURQPHQWDUHSUHVHQWHGLQGHWDLOE\>@

,Q WKHQH[W VWHS WKHDXWKRUVZLOOXVH WKHJHQHUDWHGNQRZOHGJH DQG LPSOHPHQWDQGFRDGDSWFDUHHQYLURQPHQWV
DQGPRELOH SODWIRUPV ZLWK KLJKHU SD\ORDGV IRU H[DPSOHLynx >@ ZKLFK ZLOO LQFUHDVH WKH UDQJH RI SRVVLEOH
DSSOLFDWLRQVLJQLILFDQWO\)LJXUHVDQGRXWOLQHDSSOLFDWLRQVFHQDULRVIRUVXFKPRELOHSODWIRUPVLQSURIHVVLRQDOFDUH
VHWWLQJV
&RQFOXVLRQDQGIXWXUHUHVHDUFK
7KHDXWKRUVKDYHLGHQWLILHGWKHQHHGRIDQGSRVVLEOHXVHFDVHVIRUWKHLPSOHPHQWDWLRQRIVHUYLFHURERWWHFKQRORJ\
ZLWKLQSURIHVVLRQDOVWDWLRQDU\DQGDPEXODQWFDUHVFHQDULRV7KHDXWKRUVKDYHWHVWHGVWUDWHJLHVIRUWKHDGDSWDWLRQRI
VHUYLFHURERWVIRUH[DPSOHH[DPSOH7XUWOH%RWDQG-$&2LQDVHULHVRISURMHFWVLQWKHILHOGRI$PELHQW$VVLVWHG
/LYLQJ,Q WKHQH[WVWHS WKHDXWKRUVZLOODSSO\WKHNQRZOHGJHJDLQHGVRIDU WRFUHDWHSURIHVVLRQDOFDUHVHWWLQJVLQ
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ZKLFKLQSDUWLFXODUWKHFDUHWDNHUVDUHKHDYLO\VXSSRUWHGE\DYDULHW\RIURERWV6LPLODUDVLQWKHUHVHDUFKSURMHFWV
FRQGXFWHGVRIDUWKHDXWKRUVFRQFOXGHWKDWWKHFRDGDSWDWLRQRIURERWV\VWHPVSK\VLFDOHQYLURQPHQWDQGSURFHVVHV
ZLOOUHGXFHWRWDOV\VWHPFRPSOH[LW\DQGFRVWDQGWKXVERRVWLPSOHPHQWDWLRQDQGFRPPHUFLDOL]DWLRQRIVHUYLFHURERW
V\VWHPVIRUDPEXODQWDQGVWDWLRQDU\FDUH
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